A flavor dependent kernel is constructed based on the rainbow-ladder truncation of the DysonSchwinger and Bethe-Salpeter equation approach of Quantum Chromodynamics. The quark-gluon interaction is composed of a flavor dependent infrared part and a flavor independent ultraviolet part. Our model gives a successful and unified description of the light, heavy and heavy-light mesons. For the first time, our model shows that the infrared enhanced quark-gluon interaction is stronger and wider for the lighter quark.
Hadrons, subatomic particles that are composed of quarks and gluons, perform a large scope of spectra: the lightest hadron, the pion, has the mass M π ≈ 0.14 GeV, while the heavy hadrons are heavier than 10 GeV [1] . People expect the underling theory, Quantum Chromodynamics(QCD) [2] , can illuminate the hadron spectrum and unify the description of light and heavy hadrons. QCD is a non-Abelian local gauge field theory of strong interaction and has been consistent with experimental observation up to present. Due to the emergent phenomena at the hadronic scale, i.e. confinement and dynamical chiral symmetry breaking(DCSB), nonperturbative QCD is still the part of wilderness in the Standard Model.
Confinement provides an intrinsic wavelength, λ c ≈ 0.5 fm, for the propagation of quarks and gluons. They behave like the parton at r < λ c and show different propagation mode at r > λ c . What's more, the hadron environment itself, finite size effect for example, would also affect the propagation of quarks and gluons. Surveying hadron physics by QCD needs non-perturbative method. As an well-established non-perturbative approach, Lattice QCD(lQCD) [3] [4] [5] , a lattice gauge theory formulated on a grid, has gained many progresses on the hadron physics. While lQCD resorts to brute-force calculation, functional method like the Dyson-Schwinger equation and Bethe-Salpeter equation (DSBSE) [6] [7] [8] approach is complementary to lQCD.
In this work, we aim at unifying the description of light, heavy and heavy-light mesons via DSBSE approach. In this Poincaré covariant framework a meson corresponds to a pole in the scattering kernel of quark and antiquark. A promised consistent way to solve the problem of the meson spectrum is building a dressed quark-gluon-vertex and constructing a scattering kernel. However, an accessible quark-gluon-vertex that contains the complete flavor dependence has not been found. Here we adopt the rainbow-ladder(RL) truncation of the DSBSE approach to illuminate our idea of the flavor dependent interaction. RL truncation is the lowest order approximation and has been phenomenally successful for the light pseudoscalar and vector mesons [9] [10] [11] [12] , and the heavy quarkonia with parameters finely tuned [13] [14] [15] . However, it dosen't hold true in the case of heavy-light mesons because of the lacking of flavor dependence. The spectrum has a larger error than the quarkonia and the decay constants are totally false [16, 17] . The heavy-light mesons have been surveyed for 20 years in this approach [18] [19] [20] [21] [22] [23] [24] , yet no satisfied solution has been gained.
We construct a kernel based on the RL truncated DSBSE [9] [10] [11] [12] expressing the flavor dependence explicitly. The BS equation is
where f and g label the quark flavor, Γ f g (k; P ) is the Bethe-Salpeter amplitude(BSA), k and P are the relative and total momentum of the meson.
is the wave function, S f (q + ) and S g (q − ) are the quark propagators, where q + = q + ιP/2, q − = q − (1 − ι)P/2, ι is the partitioning parameter describing the momentum partition between quark and antiquark and dosen't affect the physical observables. The quark propagators satisfy the Gap equation,
In Eq.(1) and Eq.(2),
4 stands for a Poincaré invariant regularized integration, with Λ the regularization mass-scale, m f is the current quark mass at renormalisation scale ζ, Z 2 and Z m are the renormalization constants of the quark field and the quark mass that depend on Λ and ζ. We adopt a flavor independent renormalization scheme as explained in Ref. [25] and
) is the gluon propagator including the dressing effect of the flavor dependent quark-gluon-vertex. The dressed function G f g (s) is composed of a flavor dependent infrared(IR) part and a flavor independent ultraviolet(UV) part,
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where
, and Λ QCD = 0.21 GeV . G U V (s) keeps the one-loop perturbative QCD limit in the ultraviolet. The values of m t and τ are chosen so that G U V (s) is well suppressed in the infrared, not to disturb G f g IR (s). In Eq.(4), D f,g and ω f,g are parameters which express the flavor dependent quark-gluon interaction. However, the flavor dependence of these parameters is apriori unknown. Herein we treat the D f and ω f of each flavor as free parameters. Working in the isospin symmetry limit, we have 4 independent quarks up to the b quark mass: u (or d), s, c and b. There are 3 parameters for each flavor: D f , ω f and m f . In total there are 12 parameters. ω u is treated as an independent variable, the other 11 parameters are dependent variables, which are fitted by 11 observables: the masses and decay constants of π, K, η c and η b , and the masses of D, D s and B. All the masses and decay constants of the rest ground state pseudoscalar mesons(except η and η ) and all the ground state vector mesons are predicted.
Before discussing the results, we first elaborate on the symmetry preservation of our model. When f = g, our model returns to the original RL truncation [9] [10] [11] [12] , which satisfies the axial-vector Ward-Takahashi identity(av-WTI) exactly [9, 10] ,
where Γ f g 5µ and Γ f g 5 are the axial-vector and pseudoscalar vertex respectively. Eq.(6) is crucial to guarantee the pseudoscalar mesons as pseudo-Goldstone bosons of DCSB. Eq.(6) leads to the Gell-Mann-OakesRenner(GMOR) relation [9, 10] ,
f 0 − and ρ 0 − are defined by
with f 0 − the leptonic decay constant, Z 4 = Z 2 Z m , N c the color number, tr the trace of the Dirac index and Γ f g 0 − the BSA of pseudoscalar mesons. When f = g, Eq. (6) is not explicitly preserved. We check the degree of preservation of the av-WTI, Eq.(6), by comparing the decay constants f 0 − defined by Eq.(8) andf 0 − defined by Eq. (7) and Eq.(9). f 0 − andf 0 − are depicted in Fig.1 . They deviate from each other by no more than 3% for all the pseudoscalar mesons considered here. We conclude that the av-WTI is perfectly preserved in our approach.
The masses and decay constants of the ground state pseudoscalar mesons are listed Tab.I. Our outputs are deviates from the experimental value by only 0.01 GeV, which is impossible in the original RL truncated DSBSE. The flavor dependence of the quark gluon interaction even has a significant effect on the B c meson. M Bc produced by the original RL truncated DSBSE is 0.11 GeV larger than the experimental value [26] . We reduce the error to less than 0.02 GeV herein. Our output of
and f Bc are all consistent with the lattice QCD results, with the deviation less than 6%. Note that our f D ± s is also in good agreement with the recent experimental measurement [27] . The only absent mesons in Tab.I are η and η , which are affected by the axial anomaly [28, 29] and beyond our present purpose.
A further confirmation of our model is given by the vector mesons. Our predictions of the static vector meson masses and decay constants are listed in Tab.II. The vector mesons also show a weak dependence on ω u ∈ [0.45, 0.55] GeV. The deviation from experimental or lQCD values decreases as the mass increases. The mass deviation is about 6% for the ρ meson, decreasing to about 1% for the heavy mesons. The decay constant deviation is about 12% for the φ meson, decreasing to less than 7% for the heavy mesons. This deviation is attributed to the systematic error of the RL truncation [11] . The successfulness of the pattern of the flavor dependent interaction, Eq. [30] ; MB and MB s -Ref. [31] ; MB c -Ref. [32] ; fπ and fK -Ref. [33] ; fD, fD s , fB and fB s -Ref. [34] ; fη c and fη b -Ref. [35] ; fB c -Ref. [36] . Mπ, MK , Mη c , Mη b here and MΥ in Tab.II are usually used to fit the quark masses in lQCD calculations [37] , so there are no lQCD predictions for these quantities. The exprimental data are taken from Ref. [1] . Note that we work in the isospin symmetry limit, so the average value among or between the isospin multiplet is cited for π, K, D and B meson. All the date are cited with accuracy 0.001 GeV. In our production, the underlined value are those used to fit the 11 dependent variables, and the others are our output with the uncertainty corresponding to ωu ∈ [0.45, 0.55] GeV. The decay constants are fitted to the lQCD data because an accurate and complete experimental estimate of these data is still lacking. [38]; MK * -Ref. [39] ; M φ and f φ -Ref. [40] ; MD * , fD * ,
and f B * ± s -Ref. [41] ; M J/ψ and f J/ψ -Ref. [42] ; MB * c -Ref. [32] ; fB * c -Ref. [36] ; fΥ -Ref. [43] . The exprimental data are taken from Ref. [1] , the average value between the isospin multiplet is cited for MD * . been discovered experimentally, both our and lQCD predictions wait for the experimental verification. At last, we investigate the flavor dependence of the quark-gluon interaction. In the heavy quark limit, the dressing of the quark-gluon-vertex might be ignored and our adopted interaction is in agreement with QCD [44] , so the interaction should saturate G f f (s)
s , with α s the strong-interaction constant and Z(s) the dress-function of the gluon propagator of which both are flavor independent. Phenomenally the parameters, D f and ω f , should go to a constant as the quark mass increases. Our fitted parameters are listed in Tab.A1 in the appendix and indeed show this property. In the chiral limit the interaction is enhanced because of the dressing of the quark-gluon-vertex [45] [46] [47] [48] [49] , which is necessary to trigger chiral symmetry breaking. The potential is properly defined by the fourier-transform of the timetime component of the interaction. For the interested infrared part of our model we have V f f IR ( r) ∝ e − r 2 /R 2 f , with r the space coordinate and R f = 2/ω f expressing the radius of the quark-gluon interaction. Additionally, we adopt the following quantity to describe the interaction strength [50] :
The quark mass dependence of σ f and R f is depicted in Fig.2 . The interaction strength and radius reduce as quark mass raises, which is expected by the fact that the quark-gluon-vertex dressing effect should decrease as quark mass increases [46] . The hadron environment dependent interaction radius, 2/ √ ω f ω g , also expresses another fact that the quarks and gluons has a maximum wavelength of the hadron size [51] . In summary, the flavor dependence of the quark-gluon interaction is an intrinsic property of QCD, and crucial for a unified description of light and heavy hadrons. While a perfect quark-gluon-vertex that hold the proper flavor dependence of QCD has not been found, we construct a flavor dependent kernel based on the RL truncation of DSBSE. The quark-gluon interaction is composed of a flavor dependent infrared part and a flavor independent ultraviolet part. With the parameters fixed by physical observables, our model takes into account not only the flavor dependence, but also the affection of the hadron environment. Our model, with the av-WTI perfectly preserved, provides a successful unified description of light, heavy and heavy-light static pseudoscalar and vector mesons. For the first time, our model shows that the infrared enhanced quark-gluon interaction is stronger and wider for the lighter quark. This flavor dependence pattern is universal, and is supposed to be applicable to baryons, for example, the double charm baryons within the Faddeev approach. Our approach also provides a proper description of the inner structure of the heavylight mesons, which can be used to calculate some scattering process, such as the B to π transition form factor.
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